The influence of heat treatment conditions and severe plastic deformations (SPD) by ECAP on ultra- 
INTRODUCTION
The middle-strength AlMgSi alloys are suitable for AljFeSi to c^-Al | 2 (FeMn) 3 Si intermetallics, which is important for improvement of alloy ductility 151.
Dissolution of Mg 2 Si particles during homogenization
treatment is also important, because it gives maximum age hardening potential for the products /2,4,5/.
Conventional processing of Al-based alloy by plastic deformation with the following recrystallization or thermo-mechanical treatments doesn't give possibility to obtain ultra-fine grain structures with grain size < 1 μπι, due to the physical properties of these alloys 161.
Despite this fact, it is possible to form ultra-fine grain structures and/or structures at nanometre level for Al- ss relieved by stretching a controlled amount and then based alloys by applying bulk plastic deformation based on severe plastic deformation (SPD) processes /7-10/.
Effective SPD method which induces intensive bulk plastic deformations to sample with repeated pressing process is ECAP (equal channel angular pressing) /ll- 
EXPERIMENTAL MATERIALS AND

METHODS
The investigation has been carried out on the commercial aluminium alloy EN AW 6082. The chemical composition of the analyzed alloy is indicated in Table 2 . This decrease in the hardness values of the alloy was due to the solid solution recrystallization process and dissolution of Mg 2 Si precipitates, which were responsible for strengthening of the studied alloy in the initial state. Subsequently, if SA temperature increased from 803K to 833K, the hardness of quenched states was increased because the substitute strengthening of solid solution through the dissolution of accumulative amount of undissolved Mg 2 Si particles took place during the SA process. The linear dependency of this alloy hardness value increase with the SA temperature increase was also presented in work /23/. The hardness of alloy after SA temperature from the range (833 -863K) was not increased, but it was approximately constant (-68.7). The constant hardness resulted from the microstructure changes having opposite effects on hardness. The growth of microscopic size and area fraction of the coarse Al(FeMn)Si-based intermetallic particles evoked by increasing of the SA temperature in the range (833 -863K) was observed microscopically 1221. This modification of coarse intermetallic particles occurred due to the dissolution and coagulation of the fine intermetallic particles. The absence of these fine particles, which retard grain growth, probably allowed the solid solution grain growth at high SA temperature (>83 3 K) and then the hardness decreased. On the contrary, this hardness decrease was compensated, because the area fraction of hard intermetallic particles increased during the SA at these higher temperatures. The local melting observed in microstructure after the SA at 873 Κ resulted in considerable decrease of hardness value (60.2). The desirable SA temperature 823Κ was determined from the graphical dependence.
RESULTS AND DISCUSSION
Hardness
(b) Solution annealed + SC + ECAP + annealing states
The samples after SA at 673K /9000s were slowly cooled to ambient temperature in furnace (cooling rate ν = 0,0277K/s).
These annealed samples were ECAPed (4 passes) at ambient temperature and then annealed. Hardness dependence on treatment conditions is given in Fig. 5 . Vickers hardness of alloy measured immediately after ECAP process without application of annealing was 72.9. If ECAP process was accompanied by annealing treatment, the following results were obtained: annealing temperatures and time (423K/900-7200s) do not induce any important hardness increasing of ECAPed alloy due to alloy microstructure stability; an increasing of annealing temperatures and time in the range (473-573K/900-7200s) induced the hardness decrease of ECAPed alloy state due to interaction between microstructure recovery until to partial recrystallization and dissolution and/or coarsening of precipitates. 
(c) Solution annealed + WQ+ ECAP + aged states
The samples after SA at 823K/5400s and water quenched were ECAPed (3 passes) at ambient temperature and then artificial aged at two temperatures (273K and 443K). Vickers hardness dependence on treatment conditions is given in Fig. 6 . Vickers hardness of alloy measured immediately after ECAP process without application of artificial aging was 130.3 HV. If ECAP process was accompanied by artificial ageing treatment, the following results were obtained:
-maximal hardness value (141.7) of alloy was achieved after artificial aging time 108 000s at 273K due to precipitation hardening probably of ß"-phase particles (after longer ageing time than 108 000s the hardness of alloy was decreased due to precipitates coarsening) 
Tensile tests (a) Solution annealed and ECAP-ed states
The tensile stress -strain curves of solution annealed alloy state (673K/9000s + furnace cooling) and ECAPed alloy states after 2, 3 and 4 passes are depicted in Fig. 7 .
Ultimate tensile strength and especially yield strength was increased by severe plastic deformation in the ECAP die. The biggest strength growth was obtained after 2nd ECAP pass. Maximal level of YS and UTS was achieved after 4th pass. Minimal difference between alloy strength was observed after 3rd and 4th ECAP pass, respectively. On the contrary, the repetitive ECAP of this alloy state influenced the tensile elongation negatively.
(b) Solution annealed +WQ + ECAP + aged states
The samples were water quenched after SA at 823K/5400s, then ECAPed (3 passes) at ambient temperature and naturally (2 880 000s) or artificial (373K/108 000s) aged. The values of strength and tensile ductility, which are presented in Table 3 provides a comparison of mechanical properties determined for industrially processed -initial state (hot extrusion and artificial ageing) and these ECAPed states. The tensile stress-strain curves of analyzed aluminium alloy states are shown in Fig. 8 . 
Impact test
Values of the absorbed energy during impact test of the analyzed alloy states are summarized in Table 4 .
There are these states: 
Microstructure
Recrystallized polyedric microstructure of initial state with grain size about 6 μιη is shown in 
CONCLUSIONS
Based on literature knowledge and experimental results obtained for analyzed state of EN AW 6082 aluminium alloy, the following conclusions can be drawn: -complete dissolution of Mg 2 Si particles was observed during solution annealing treatment realized above 833K; -the best notch toughness and ductility, but lowest mechanical properties of analyzed alloy were achieved by using heat treatment without application of ECAP process, because minimal strain hardening and precipitation strengthening effects occurred in solid solution of alloy;
-optimal heat treatment of alloy before ECAP, which allows maximal ECAPed alloy strength to be obtained, is solution annealing at 823K followed by water quenching; -optimal heat treatment of alloy before ECAP, which allows maximal ductility for SPD in ECAP die to be obtained, is solution annealing at 673K followed by slow cooling; increasing of ECAP passes for solution annealed alloy (T S A = 673K/9000S/+V sc =0.0277K/S) resulted in alloy strength increasing; due to annealing treatment applied for ECAPed alloy (TSA= 673K / 9000s + ν κ =0.0277Κ/8 + 4x ECAP / 293K) at various annealing conditions the hardness of alloy is decreased; the best mechanical properties of alloy with ultra-fine grain structure (average sub-grains size: 260 nm) were obtained using a post-ECAP artificial ageing at 373K during 108 000s; application of natural (2 800 000s) or artificial aging at 443K (3600s) for ECAPed alloy leads to slightly worse mechanical properties in comparison with those obtained for ECAPed and artificially aged state at 373K during 108 000s.
